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Abstrat
The simplest 3+2 neutrino model is desribed, where two light sterile neutrinos mix
very weakly with three ative neutrinos and mutually do not mix at all, while the mass-
squared sale of the possible LSND eet is provided by m25 − m
2
4 (ν4 and ν5 being two
additional mass neutrinos onneted with the existene of two sterile neutrinos νs and
νs′). This 3+2 model is not better for explaining the LSND eet than the simplest
3+1 neutrino model, where one light sterile neutrino mixes very weakly with three ative
neutrinos, while the mass-squared sale of the possible LSND eet is given by m24 −m
2
1
(ν4 denoting an additional mass neutrino existing due to a sterile neutrino νs). However,
a small LSND eet with amplitude of the order O(10−3) is not exluded by the present
(pre-MiniBooNE) data.
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As is well known, the neutrino mixing matrix U (3) =
(
U
(3)
αi
)
(α = e, µ, τ and i =
1, 2, 3) appearing in the unitary transformation
να =
∑
i
U
(3)
αi νi (1)
between the avor neutrinos νe , νµ , ντ and mass neutrinos ν1, ν2, ν3 is experimentally
onsistent with the global bilarge form
U (3) =

 c12 s12 0− 1√
2
s12
1√
2
c12
1√
2
1√
2
s12 −
1√
2
c12
1√
2

 , (2)
where s212 ∼ 0.30 [1℄, while U
(3)
e3 = s13 exp(−iδ) is negligible aording to the negative
result of Chooz experiment [2℄ (the upper limit is s213 < 0.03). When negleting s13, the
neutrino osillation probabilities (in the vauum) are
P (να → νβ) = δβα − 4
∑
j>i
U
(3)
βj U
(3)
αj U
(3)
βi U
(3)
αi sin
2 xji , (3)
where
xji ≡ 1.27
∆m2jiL
E
, ∆m2ji ≡ m
2
j −m
2
i (4)
(∆m2ji, L and E are measured in eV
2
, km and GeV, respetively), giving experimentally
∆m221 ∼ 8.0 × 10
−5eV2 as well as |∆m232| ∼ 2.2 × 10
−3eV2 [1℄ for solar νe's and Kam-
LAND reator ν¯e's (with the solar MSW eet inluded) as well as atmospheri and K2K
aelerator νµ's, respetively.
The formulae (2) and (3) are onsistent with the zero LSND eet. The nonzero LSND
eet [3℄ would require the existene of a third neutrino mass-squared splitting, absent in
the ase of three ative neutrinos only (unless the CPT invariane of neutrino osillations
is seriously violated, what does not seem to be realisti). The LSND eet will be tested
soon in the ongoing MiniBooNE experiment [4℄. If this test onrms the LSND eet, we
will need at least one light sterile neutrino in addition to three ative neutrinos in order
to introdue one extra mass-squared splitting (but  at the same time  not to hange
signiantly the t to solar, reator, atmospheri and aelerator neutrino experiments).
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While the 3+1 neutrino models with one light sterile neutrino are onsidered to be
disfavored by present data [5℄, the 3+2 neutrino shemes with two light sterile neutrinos
may provide a better desription of urrent neutrino osillations inluding the LSND
eet [6℄. However, the speial 3+2 model of Ref. [7℄, where among three ative neutrinos
νe, νµ, ντ and two sterile neutrinos νs, νs′ there are two maximally mixing pairs νµ, ντ
and νs, νs′, does not meet these expetations. Also, the simplest 3+2 neutrino model
onsidered in the present note is not better for explaining the LSND eet than the
simplest 3+1 neutrino model [8℄.
For the experimental existene of two light sterile neutrinos (beside three generations
of SM-ative leptons and quarks) we argued some time ago in Refs. [9℄, where a Pauli
priniple working intrinsially within a generalized Dira equation was introdued. In our
simplest 3+2 neutrino model onsidered here, two light sterile neutrinos νs, νs′ mix very
weakly with three ative neutrinos νe, νµ, ντ and mutually do not mix at all.
The simplest 3+2 neutrino model is dened by the 5×5 mixing matrix U (5) =
(
U
(5)
αi
)
(α = e, µ, τ, s, s′ and i = 1, 2, 3, 4, 5) of the form
U (5) = U (5)(12)U (5)(14, 25)
=


c12c14 s12c25 0 c12s14 s12s25
− 1√
2
s12c14
1√
2
c12c25
1√
2
− 1√
2
s12s14
1√
2
c12s25
1√
2
s12c14 −
1√
2
c12c25
1√
2
1√
2
s12s14 −
1√
2
c12s25
−s14 0 0 c14 0
0 −s25 0 0 c25

 , (5)
where
U (5)(12) =


c12 s12 0 0 0
− 1√
2
s12
1√
2
c12
1√
2
0 0
1√
2
s12 −
1√
2
c12
1√
2
0 0
0 0 0 1 0
0 0 0 0 1

 ,
U (5)(14, 25) =


c14 0 0 s14 0
0 c25 0 0 s25
0 0 1 0 0
−s14 0 0 c14 0
0 −s25 0 0 c25

 . (6)
In this model, the extended unitary transformation (1) holds between the avor neutrinos
νe, νµ, ντ , νs, νs′ and mass neutrinos ν1, ν2, ν3, ν4, ν5, where U
(3)
αi are replaed by U
(5)
αi . Here,
2
c214 ≫ s
2
14 and c
2
25 ≫ s
2
25 guarantee the very weak mixing of two sterile neutrinos νs, νs′
with three ative neutrinos νe, νµ, ντ . Besides, there is no mixing between νs and νs′ .
Then, making use of the extended neutrino osillation formulae (3), where U
(3)
αi are
replaed by U
(5)
αi , we obtain (in the vauum)
P (νe → νe) ≃ 1−4c
2
12s
2
12
(
1−s214−s
2
25
)
sin2 x21−4c
2
12s
2
14 sin
2 x41−4s
2
12s
2
25 sin
2 x51 (7)
when x41 ≃ x42, x51 ≃ x52, and
P (νµ → νµ) ≃ 1− c
2
12s
2
12
(
1− s214 − s
2
25
)
sin2 x21 −
(
1− s212s
2
14 − c
2
12s
2
25
)
sin2 x32
−2s212s
2
14 sin
2 x41 − 2c
2
12s
2
25 sin
2 x51 (8)
when x31 ≃ x32, x41 ≃ x42, x51 ≃ x52, as well as
P (ν¯µ → ν¯e) ≃ 2c
2
12s
2
12
(
1− s214 − s
2
25
)
sin2 x21 + 2c
2
12s
2
12s
2
14s
2
25 sin
2 x54
+2c212s
2
12
(
s214 − s
2
25
) (
s214 sin
2 x41 − s
2
25 sin
2 x51
)
(9)
when x41 ≃ x42, x51 ≃ x52. In Eqs. (7) and (8), the terms O(s
4
14), O(s
4
25) and O(s
2
14s
2
25)
are negleted.
>From Eqs. (7) and (8) as well as (9) we get
P (νe → νe)sol ≃ 1− 4c
2
12s
2
12
(
1−s214−s
2
25
)
sin2(x21)sol−2
(
c212s
2
14 + s
2
12s
2
25
)
=
(
1−s214−s
2
25
) [
1−4c212s
2
12 sin
2(x21)sol
]
−
(
c212 − s
2
12
) (
s214−s
2
25
)
(10)
when x21 ≪ x41 < x51 with (x21)sol = O(pi/2) or
P (ν¯e → ν¯e)Chooz ≃ 1− 2
(
c212s
2
14 + s
2
12s
2
25
)
∼ 1 (experimentally) (11)
when x21 ≪ x41 < x51 with (x31)Chooz ≃ (x31)atm = O(pi/2), and
P (νµ → νµ)atm ≃
(
1− s212s
2
14 − c
2
12s
2
25
) [
1− sin2(x32)atm
]
(12)
when x21 ≪ x31 ≪ x41 < x51 with (x31)atm = O(pi/2), as well as
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P (ν¯µ → ν¯e)LSND ≃ 2c
2
12s
2
12
[
s214s
2
25 sin
2(x54)LSND +
1
2
(
s214 − s
2
25
)2]
(13)
when x21 ≪ x54 ≪ x41 < x51 with (x54)LSND = O(pi/2). In the symmetri ase of
s214 ≃ s
2
25, Eq. (13) reads
P (ν¯µ → ν¯e)LSND ≃ 2c
2
12s
2
12s
4
14 sin
2(x54)LSND . (14)
If the nonzero LSND eet exists in the order P (ν¯µ → ν¯e)LSND ∼ (10
−2 to 10−3)
× sin2(x54)LSND, the formula (14) valid in the ase of s
2
14 ≃ s
2
25 gives
s214 ∼
(
10−2 to 10−3
2c212s
2
12
)1/2
∼ 0.15 to 0.049 , (15)
where 2c212s
2
12 ∼ 0.42 (s
2
12 ∼ 0.30). Then, in the ase of s
2
12 ≃ s
2
25
P (νe → νe)sol ∼ [1− (0.31 to 0.098)][1− 0.84 sin
2(x21)sol] (16)
or
P (ν¯e → ν¯e)Chooz ∼ 1− (0.31 to 0.098) ∼ 1 (experimentally) , (17)
and
P (νµ → νµ)atm ∼ [1− (0.15 to 0.049)][1− sin
2(x32)atm] . (18)
Here, ∆m254 ≡ ∆m
2
LSND ∼ 1 eV
2
(say).
We an see that, in partiular, the nonzero LSND eet of the order P (ν¯µ → ν¯e) ∼
10−2 sin2(x54)LSND would imply an experimentally visible Chooz eet P (ν¯e → ν¯e) ∼
1− 0.31 < 1, whih is not observed. If its order was P (ν¯µ → ν¯e) ∼ 10
−3 sin2(x54)LSND the
orresponding Chooz eet, P (ν¯e → ν¯e) ∼ 1− 0.098 ∼ 1, would be nearly at the (Chooz)
experimental edge (here, still s13 = 0).
In order to pass to the simplest 3+1 neutrino model [8℄, we an put s25 → 0 and
(x41)LSND = O(pi/2), what gives
P (νe → νe)sol ≃ (1− s
2
14)
[
1− 4c212s
2
12 sin
2(x21)sol
]
− (c212 − s
2
12)s
2
14 (19)
or
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P (ν¯e → ν¯e)Chooz ≃ 1− 2c
2
12s
2
14 ∼ 1 (experimentally) , (20)
and
P (νµ → νµ)atm ≃ (1− s
2
12s
2
14)
[
1− sin2(x32)atm
]
, (21)
as well as
P (ν¯µ → ν¯e)LSND ≃ 2c
2
12s
2
12s
4
14 sin
2(x41)LSND (22)
(in Eqs (19), (20) and (21) the terms O(s414) are negleted). Then, as before, s
2
14 ∼ 0.15
to 0.049 for the nonzero LSND eet with the amplitude of the order O(10−2 to 10−3).
Here, ∆m241 ≡ ∆m
2
LSND ∼ 1 eV
2
(say). Thus, the LSND eet is here the same as in
our simplest 3+2 neutrino model with s214 ≃ s
2
25 and (x54)LSND = O(pi/2). But there,
∆m254 ≡ ∆m
2
LSND ∼ 1 eV
2
(say). In both ases, the present (pre-MiniBooNE) data do
not exlude a small LSND eet with the amplitude of the order O(10−3).
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